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Abstract 
The ability to manage a fish stock relies on an understanding of life history characteristics 
and basic biology of the species.  Numerous age-growth studies are facilitated by the 
relative ease of ageing fishes through hard-part analyses.  Determining reproductive 
parameters for fish populations is equally important for stock assessments and 
management, and histological examination of gonads provides the most accurate 
determination of fecundity and spawning periods.  Coastal pelagic fishes are often 
targeted commercially and recreationally due to their easy access by private vessels.  
However, there are few studies researching the biology and reproduction of recreational 
fishes in the waters of Southeastern Florida that would lead to a better understanding for 
management practices.  The objective of this study was to provide baseline reproductive 
data for two fishes particularly important to Florida fisheries: the coastal pelagic 
scombrids Blackfin Tuna Thunnus atlanticus and Little Tunny Euthynnus alletteratus.  
Archived gonad samples from 2010-2014 for these two species were evaluated, and GSI 
values and histological examination indicated one spawning season for both species.  
Little Tunny spawn April through August, and Blackfin Tuna spawn May through June.  
Additionally both species have asynchronous oocyte development, and are batch 
spawners.  Postovulatory follicles were used to estimate spawning frequency; for 
Blackfin Tuna, mean spawning occurs once every 1.49 days, and for Little Tunny, mean 
spawning occurs once every 1.47 days. Comparison of otolith age data to these results 
indicates that Little Tunny mature at a smaller size and younger age than Blackfin Tuna.  
Size at 50% maturity for male Blackfin Tuna was 435.2 mm TL, for female Blackfin 
Tuna was 392.3 mm TL, and for male Little Tunny was 347.77 mm TL.  Age at 50% 
majority for male Blackfin Tuna was 0.66 years, and for male Little Tunny was 0.50 
years.  In addition to providing important baseline data for fisheries management, this 
study collaborated with previous research to improve accuracy of reproductive age 
assessments.  Finally, reproductive parameter studies of fishes in Florida and the Greater 
Caribbean area commercial and recreational fisheries provide information important for 
future ecosystem based management.  
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Introduction 
A majority of the human population lives in close proximity to the ocean (Worm 
et al. 2006), and an even greater percent relies on services provided by the ocean.    
Humans have been consuming fish caught from the ocean for thousands of years, but the 
onset of industrialized fishing methods has allowed access to new fishing areas and 
reduced ocean biomass (Myers and Worm 2003, Pauly and Palomares 2005, Worm et al. 
2006).  Obtaining an estimate of fish biomass reduction as a result of fishing is 
complicated, as catch per unit effort does not account for naturally occurring changes in 
fish populations (Walters 2003).  Human-impacted marine ecosystems are experiencing a 
decline of species richness and average fish size (Worm et al. 2006).  With the 
exploitation of large fish, fishing pressure often moves to the next desirable species lower 
on the food web.  However, animals occupying lower trophic levels are smaller leading to 
an increase in numbers caught to equal total weight of catches for larger fishes (Pauly et 
al. 1998).  To sustain a fish population, management needs to maintain a balance of 
spawning stock to continue population growth.  An accurate method to estimate the 
spawning stock biomass and female egg production of commercially important fish will 
improve our collective knowledge of factors influencing population dynamics (Murua et 
al. 2003).  Ecosystem level management practices based on reproductive strategies need 
to be in place to account for ecological interactions.  
Research into reproduction strategies is important because there are clear 
differences between species in method of reproduction and fecundity, all having a large 
impact on growing populations.  Spawning behavior, daily spawning, spawning season, 
size and age at maturity, and fecundity all provide information to determine the 
reproductive capabilities of fish within a population (Murua et al. 2003).  Understanding 
reproduction on the individual level allows assessments to be made covering a wide 
percent of the total population, leading to more effective management practices.   
Additionally, fecundity and other biological processes are affected by abiotic factors.  
First understanding the biological variables will allow for predictions to be made for 
changes in populations based on environmental changes. 
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Reproduction and Histology 
In order to understand the effects of fishing on a stock through population 
dynamics and generation timing analyses, reproductive timing and the spawning stock 
biomass (SSB) need to be estimated.  The most accurate way to determine reproductive 
timing of fishes is histological examination of gonads.  Reproductive timing reflects the 
state of fish throughout a lifetime, within a year, between season, and on a diel scale 
(Murua et al. 2003, Lowerre-Barbieri et al. 2011).  Adult spawning locations often 
provide the larvae the highest chance of survival through suitable food sources, and 
habitat.  Spawning seasons usually follow an annual pattern, and are thought to correlate 
to the match-mismatch hypothesis.  Match-mismatch theory relates spawning timing with 
the timing of optimal larval survival, where the success of a cohort depends on the 
relationship between the timing of spawning and timing of plankton density as food 
source for the just-hatched larval fish (Cushing 1969).  Larvae of fish across many 
families share similar morphologies in early larval development, but growth results in 
increasing divergence of ancestral characteristics allowing for differentiation to best 
survive in different environments with increased size.  The first feeding larval stage of 
Little Tunny primarily consumes appendicularians in the Straits of Florida, and the first 
feeding larval stage of Thunnus spp. primarily consume nauplii (Peck et al. 2012).  The 
shift from planktonic food sources to piscivory in tuna larvae is an important shift that 
yields maximum growth rates unobtainable from a diet of solely zooplankton.  
Cannibalism within cohorts commonly occurs in tuna species, with larger larvae 
consuming smaller ones.  Higher temperatures, such as a difference of just 5°C, increases 
metabolism leading to increased growth rates and a differential size in a cohort, resulting 
in longer periods of cannibalism (Reglero et al. 2011). 
 The study of reproductive timing places more focus on female reproduction, due 
to the higher energy input and importance of egg production.  The majority of exploited 
teleost fish are highly fecund, but spawning timing strategies differ between species 
making it important for species-specific reproductive knowledge.  Total spawners spawn 
all of the eggs in a single event or over a short period of time, while batch spawners 
continually develop and release batches of eggs throughout the spawning season.  Warm-
water species tend to have extended spawning seasons, which increases fertilization 
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opportunities thus increasing recruitment potential (Lowerre-Barbieri et al. 2011).  A 
recent study on the European eel Anguilla anguilla established the spermatogenic 
maturity index (SMI) to describe testes maturity development (Tomkiewicz et al. 2011).  
Using the aforementioned methods for males of other species would place additional 
importance on male samples for reproductive assessments.  
 Fecundity is the measure of the reproductive potential of a species, at both 
population and individual level.  Fecundity is measured by determining the number of 
oocytes progressing from primary growth into secondary development stages, indicating 
gonadal development, before spawning (Ganias et al. 2014).  However, fecundity patterns 
vary between species.  In determinate fecundity the stock of yolked oocytes to be 
spawned in a season starts secondary growth before spawning has begun (Ganias et al. 
2014).  In indeterminate fecundity oocytes can be continually recruited into secondary 
growth form primary growth throughout the spawning season (Hunter et al. 1992a).  In 
indeterminate spawners, once a batch of oocytes has been spawned, vitellogenesis 
continues quickly to prepare the next batch.  During the time between spawning events, 
the ovary can double in dry weight (Hunter et al. 1985).  Batch fecundity accounts for the 
hydrated oocytes to be released in one spawn (Murua et al. 2003).  Annual fecundity is 
the total number of eggs per female to be spawned in one year (Hunter et al. 1985, Murua 
et al. 2003).  Annual fecundity for batch spawning fish with indeterminate fecundity is 
the sum of the batch fecundities (Murua and Saborido-Rey 2003).  For fish with 
determinant fecundity, total fecundity is the total number of vitellogenic eggs before the 
first spawning event. Fecundity rates change based on the size and the condition of the 
individual fish, and fish in a poor condition can skip a spawning season.  Skipped 
spawning, as seen with the Atlantic Cod Gadus morhua, is predicted to occur regularly if 
the long-term benefits outweigh the short-term loss of reproductive input (Jørgensen et al. 
2006).  With the Atlantic Cod spawning was skipped if there was an over abundance of 
food, allowing for increased growth, and also skipped when there was a lack of food, 
resulting in energy allocation away from gonadal development (Jørgensen et al. 2006).  
Fecundity increases with fish size (Baglin 1976), therefore sampling for fecundity 
estimates need to include a wide range of body lengths and include samples from 
different months to determine spawning seasons.  Fecundity can have long-term changes 
! 4!
and change annually for a stock based on growth and temperature (Kraus et al. 2000, 
Murua et al. 2003), so consistently measuring fecundity is important to understand any 
population changes.  
 Fecundity can be measured through a variety of methods, but all use spawning 
capable actively spawning female samples.  The gravimetric method uses the relation 
between the oocyte density and the total ovary weight.  The volumetric method uses the 
relation between oocyte density and total ovary volume.  Also, automated particle 
counters can be used to speed along the oocyte counting process (Murua et al. 2003).  In 
addition to using histological assessments, measurements of Gonadosomatic Index (GSI) 
and ovum diameter are successful predictors for selecting samples for fecundity estimates 
(Baglin 1976). 
 Measurement of fecundity provides information detailing reproductive strategies 
of fish, allowing for proper management to help replenish stocks.   If fish are incorrectly 
categorized as having indeterminate fecundity, the measure of eggs is vastly over-valued 
having drastic effects for biomass predictions (Murua et al. 2003).  Also, if there are 
abiotic changes such as temperature or changes in food quantity fish may skip spawning 
seasons (Murua and Saborido-Rey 2003, Jørgensen et al. 2006).  Having a firm 
understanding of the biological patterns of fish, will allow management to make changes 
reflective of environmental fluctuations.  
Historically, female gonad maturation description has been varied across the 
many teleost fishes, using different terms and criteria for each stage (Yamamoto 1956, 
Forberg 1982, Hunter et al. 1992b, Macías et al. 2005), with male gonad maturity 
descriptions similarly inconsistent (de Sylva and Breder 1997, Vieira et al. 2005b).  
Additionally, much of this outdated classification is based on macroscopic observation, 
which is less precise than histological observation.  Determining reproductive phase 
based on external appearance is quick, but inaccurate when determining between the 
transitions of phases.  Histological observation provides accurate information for specific 
oocytes development, with the ability to measure individual oocytes throughout 
developmental stages.  Though histology is expensive and time consuming, the results 
provide more information to add to a fuller understanding of fish reproductive including 
spawning seasonality and spawning frequency (West 1990).  A standardization of terms 
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for both males and females relying on microscopic developments has recently become the 
guideline for comprehensive research (Brown-Peterson et al. 2011). 
 Preservation methods used to study gonad samples play an important role in 
successfully evaluating development.  Both freezing and preserving samples in 10% 
buffered formalin result in mean oocyte diameter change.  Freezing shrinks the oocytes 
more than formalin preservation, with an average loss of 2%.  The best quality of sample 
is obtained by fixing fresh samples into formalin (Ramon and Bartoo 1997, Murua et al. 
2003).  Itano (1994) examined the effects of sample preservation techniques, comparing 
samples preserved in phosphate buffered 10% formalin, samples frozen at -20°C and -
80°C, samples sealed in plastic bags in ice brine with temperatures ranging from 0.3°C to 
5.1°C, and samples refrigerated at a temperature range of 7°C to 13°C.  The results 
indicated that the refrigerator provided poor preservation, the ice brine maintained little 
degradation until day 17, freezing at both temperatures damaged structure but was still 
readable, and formalin preservation was the best.  Farley and Davis (1998) also found 
that freezing lead to cell destruction, but were still able to classify the oocytes, atretic 
oocytes, and postovulatory follicles (POFs).  It has been observed in Skipjack Tuna, 
Yellowfin Tuna, Southern Bluefin Tuna, and Bigeye Tuna that POFs are resorbed within 
24 hours.  All of those fish spawn in waters 24°C or higher in temperature.  So the 
presence of POFs indicates capture within a day of spawning for warm-water fish.  
 The histological methods used to examine fish gonads in this study are similar to 
a wide range of previous research studies.  de Sylva and Breder (1997) dehydrated 
billfish samples in alcohol, embedded them in paraffin wax, sectioned at 10 µm, and 
stained samples with hematoxylin and eosin (H&E).  Other studies have also used 
paraffin wax for embedding samples (Goldberg and Au 1986, Farley and Davis 1998),  
and used H&E to stain the sections (Farley and Davis 1998, Murua et al. 2003, Luckhurst 
et al. 2006).  Thickness of sample sections has varied from 4 to 10 µm (Goldberg and Au 
1986, Farley and Davis 1998, Itano 2000, Luckhurst et al. 2006). 
Coastal Pelagic Fish 
Tuna species compose the top tiers of many ocean food webs, so are termed apex 
predators.  Unlike many other ecosystems, apex predators in pelagic waters function 
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together as a suite of important keystone species (Polovina et al. 2009).  Their importance 
for top-down regulation of trophic interactions is important.  Consumptive effects 
regulate the abundance of lower trophic levels, because the predator is directly removing 
the prey from the habitat by consumption.  Risk effects regulate biomass in specific areas 
without removal, because the prey species avoids the predator and predator-associated 
habitats because of the risk of consumption (Boyce et al. 2008).  Large and small tuna 
species are targeted for their meat, but small tuna are also caught as incidental catch in 
commercial fisheries.  The combined effects of these removals have serious 
consequences for their worldwide population and stock sizes.  Between 1996 to 2006, the 
prevalence of apex predators in catches declined from 70% of the total catch being apex 
predators to only 40% (Polovina et al. (2009).  The decline in catch rate may signify a 
change in species abundance, but additional research is required to fully understand the 
cause. 
Coastal pelagic fishes live in near-shore waters staying above the continental 
shelf, and are highly migratory species in the western Atlantic Ocean (Collette and Nauen 
1983, Taquet et al. 2000, Riede 2004, Vieira et al. 2005a).  In the waters off southeast 
Florida the continental shelf is narrow, with a maximum width of 22 km so the shelf edge 
is close to the coastline (Banks et al. 2008).  In these waters several medium and large 
size fish species share a habitat, high energetic demands, and migratory behavior.  These 
fish are the Blackfin Tuna Thunnus atlanticus, Dolphinfish Coryphaena hippurus, King 
Mackerel Scomberomorus cavalla, Little Tunny Euthynnus alletteratus, Skipjack Tuna 
Katsuwonus pelamis, and Wahoo Acanthocybium solandri.  Together they are grouped as 
the “coastal pelagic fish complex” (Collette and Nauen 1983).  
Since anglers can easily access coastal waters, coastal pelagic fishes are highly 
targeted.  Recreational fishing of King Mackerel started in the 1950s, but it has been 
commercially caught since the 1880s by the United States and Mexico.  It is a valued 
game fish because of its agility in the water, and its “fight” once captured.  The 
advancement of fishing gear and the unregulated fishing pressure negatively affect the 
population size (Shepard et al. 2010, NOAA 2014).  Since King Mackerel form large 
schools that can be seen from above, airplanes were used to direct the deployment of 
gillnets by fishing vessels to capture the fish.  This allowed commercial success, but 
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depleted the fish stock rapidly.  In 1983, U.S. federal regulations were put into place for 
the harvest of King Mackerel in response to the decrease in population size.  These 
regulations limited catch, the type of fishing gear used, location of fishing, and added a 
cap to participants in the fishery, thereby resulting in a “limited access” management 
system.  The combination of these efforts have been successful in allowing the King 
Mackerel population to recuperate to a target level (NOAA 2014). An increase in 
assessments and general awareness regarding fishing pressures on King Mackerel have 
led to more stabilized populations.  Similarly comprehensive management practices built 
on the understanding of species ecology will help other fish populations recover and be 
sustained. 
Coastal pelagic species are important in both commercial and recreational 
fisheries, especially in South Florida.  Maintaining and managing the population of these 
fish species is important for ongoing utilization of the stocks.  As seen with the King 
Mackerel, a better understanding of the actual size of the population allowed for new 
management measures aimed at protecting the once overfished species (Shepard et al. 
2010).  Understanding spawning patterns is important for managing fish stocks, as fishing 
may influence population size by being size-specific thus truncating age growth 
dynamics (Lowerre-Barbieri et al. 2011).   Implementing regulations involving closed 
fishing seasons around spawning seasons could improve overall management of fisheries.  
Additionally, minimum size regulations based upon size at maturity would aid in the 
prevention of immature fish being harvested.  As with the King Mackerel, continuing 
evaluation of the stock based on fecundity and age and size differences among classes led 
to better understanding of the impact of fishing on the overall population (Ortiz 2004).  
Reproduction research indicates crucial times of year for the development of gametes, 
and expresses the size range of mature fish contributing to the spawning stock. 
Due to the similarities of movement and diet the group of coastal pelagic fishes 
off southeastern Florida are often grouped together.  However, this group covers a range 
of species so it is important to evaluate each species individually to best understand its 
biology.  Small tunas are a subgroup of coastal pelagic fishes, and termed small tuna as 
they generally do not grow larger than 5 kg (Ménard et al. 2000).  Small tunas are 
important to recreational fisheries and artisanal fisheries of many countries surrounding 
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the Atlantic (Johnson 1983, Frimodt 1995, Vieira et al. 2005a).  In Florida small tuna are 
actively targeted as recreational fish due to the “fight” of the catch or to use as bait to 
target larger pelagic fishes such as the Sailfish Istiophorus platypterus.  This project 
focused on two of the small tuna species, Blackfin Tuna and Little Tunny, due to the high 
occurrence in catch of recreational fisheries.  Blackfin Tuna and Little Tunny belong to 
the family Scombridae, sharing similar physical characteristics of body shape and fast 
swimming ability, though both Blackfin Tuna and Little Tunny are considered small tuna 
(Collette and Nauen 1983).  However, there is currently no federal management for 
Blackfin Tuna or Little Tunny and neither are included in the Highly Migratory Species 
(HMS) management plan implemented by U.S. National Marine Fisheries Service 
(NMFS 2006).  Species-specific evaluation will further our understanding of Blackfin 
Tuna and Little Tunny.  
There has been limited research on sexual reproduction and spawning cycles of 
these small tunas, although similar work has noted gonadal maturity stages of related tuna 
species.  For example, sexual maturity for the Bullet Tuna Auxis rochei is reached when 
the fish is 35 cm in fork length, which occurs at approximately age 2 (Macías et al. 2005).  
Research by Vieira et al. (2005b) on the reproductive characteristics of Blackfin Tuna in 
Brazil showed that females reach gonadal maturity at 51 cm.  Goldberg and Au (1986) 
investigated the spawning of Skipjack Tuna in Brazil, but only evaluated female 
specimens.  There is currently no research using histological methods to determine the 
time of the year when the Atlantic populations of Blackfin Tuna and Little Tunny caught 
in Florida fisheries spawn or if they spawn once or multiple times per year.  
Greatest species richness in many of the tuna species is found between 10 and 35 
degrees north and south (Boyce et al. 2008), suggesting that temperature tolerance plays 
an important role in determining range.  Compared to the larger tuna species, including 
the Yellowfin Tuna Thunnus albacares and Atlantic Bluefin Tuna Thunnus thynnus, the 
smaller Little Tunny is less tolerant of low water temperatures (Boyce et al. 2008).  In 
general, the small tunas have not been as extensively studied as their larger congenerics, 
due largely to their more limited commercial value (Miyake 1982).  Blackfin Tuna is 
consumed by humans, and Little Tunny is commonly used as bait to target other species 
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(e.g., Blue Marlin), but both tunas are important in recreational fisheries in temperate and 
tropical waters (Collette et al. 2001). 
Blackfin Tuna 
The range of Blackfin Tuna Thunnus atlanticus (Lesson, 1831) in the western 
Atlantic Ocean stretches from Martha’s Vineyard, Massachusetts in the United States 
southward to Rio de Janeiro, Brazil (Idyll and de Sylva 1963, Collette and Nauen 1983).  
The dorsal region of Blackfin Tuna is dark blue with gray sides, while the ventral area is 
white (Collette 2002).  They are an important fish in commercial fisheries, especially in 
small-scale and artisanal fisheries in Brazil and Cuba (Frimodt 1995, Vieira et al. 2005a).  
Since this species is fished both commercially and recreationally throughout its range, 
understanding spawning patterns of Blackfin Tuna is important for effective management 
of the stock. 
Blackfin Tuna is a highly migratory coastal pelagic species with a wide range in 
the western Atlantic Ocean, preferring tropical coastal waters above 20°C and having a 
bathymetric distribution from near surface waters down to 400 m (Collette and Nauen 
1983, Taquet et al. 2000, Riede 2004, Vieira et al. 2005a).  It has been hypothesized that 
the migration is driven by reproductive cycles (Vieira et al. 2005b).  They form large 
mixed schools with other fish species.  Tunas are opportunistic feeders, preying upon 
available food sources (Ménard et al. 2000).  Their diet includes surface and deep-sea 
fishes, squids, and crustaceans (Frimodt 1995), and have been observed consuming 
organisms associated with Sargassum communities (Richards and Bullis 1978).  Blackfin 
Tuna have moderate diet diversity with teleosts comprising the highest percentage of 
84.2% relative importance, crustaceans accounting for 11.4% relative importance, and 
cephalopods with 1.3% relative importance (Moore 2014).  They are predated upon by 
large fishes, such as Blue Marlin (Makaira nigricans) (Idyll and de Sylva 1963).  The 
total mercury concentration in their tissue was found to be in the moderate range (Cai et 
al. 2007).  With mercury concentration closely linked to position in the trophic web, these 
results indicate that Blackfin Tuna feeds on the lower levels.  
The number and size of Blackfin Tuna caught in fisheries has been shown to be 
dependent on life history characteristics (Collette and Nauen 1983, Taquet et al. 2000, 
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Vieira et al. 2005a).  They are fished for recreation and for consumption throughout their 
range, though different fishing methods are practiced in different areas.  Cuban fishermen 
use bait-and-pole (Frimodt 1995).  Blackfin Tuna are caught off Miami, Florida by 
recreational anglers throughout the year, with catches made of mostly 1 through 5 year 
old fish (Idyll and de Sylva 1963).  Taquet et al. (2000) reported that the Brazilian surface 
fishing methods were targeting juveniles, and found that mature individuals reside deeper 
in the ocean and juveniles are closer to the surface.  The findings of this study highlight 
the effects of fishing gear, because pelagic longline gear would target larger, mature 
individuals, while other surface techniques would predominantly target juveniles.  
Blackfin Tuna comprise 55% in number and 29% of weight of the catches around fish 
aggregating devices (FADs) in Martinique in the Caribbean.  There was significant 
different in size caught between three types of fishing gear: day-time trolling lines with 
artificial lures, day-time and night-time horizontal or vertical 140 hook longlines (Taquet 
et al. 2000).  These findings support the limited evidence that gear selectivity plays a role 
in size distribution of fish landings.  
Vieria et al. (2005a) measured abundances and sizes of male and female Blackfin 
Tuna.  The results showed allometric growth, with disproportionately more males in the 
population.  The males were also found to have larger total lengths and total weights.  
The average length of male Blackfin Tunas caught in Florida is 72.0 cm (Collette and 
Nauen 1983).  Individuals are considered juvenile with a fork length less than 40 cm 
(Idyll and de Sylva 1963, Collette and Nauen 1983, Taquet et al. 2000, Doray et al. 
2004).  The average weight ranges from 5 to 7 kg (Taquet et al. 2000), although the 
current world record Blackfin Tuna caught in Marathon, Florida in 2006 weighed 22.39 
kg (IGFA).  A higher proportion of males to females has been noted in many previous 
studies (Richards and Bullis 1978, Taquet et al. 2000), including a 2:1 ratio off Miami, 
Florida (Idyll and de Sylva 1963) and a 2.1:0.5 ratio off the Northeast Brazilian coast 
(Vieira et al. 2005a).  The results from these studies of different Blackfin Tuna 
populations hold to a pattern either affected by gear selectivity or biologically real ratios.  
The predominance of males has been observed in other species, and has been 
hypothesized to be linked to a differential in mortality, or males exhibiting behavior 
leading them to be more likely to be caught (Schaefer et al. 1963).  The sex ratio of bullet 
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tuna from 177 samples was found to be 1:1.7 favoring males (Macías et al. 2005), 
suggesting that a higher proportion of males in the population may be a common trait for 
the small tuna species.  Since the trend of male predominance in Blackfin Tuna 
populations has been observed in many studies it highlights an enduring characteristic, 
because sex ratios should generally remain closely matched.  
Fish are mature when males and females develop gametes needed for the 
reproductive process.  Blackfin Tuna have paired gonads – either male testes or female 
ovaries – attached by a mesentery towards the posterior end of the body.  The ovaries 
have a muscle wall with follicles, oocytes surrounded by follicular cells, and connective 
tissue.  The follicles present at any one time will be in various stages of development, and 
the development stage present will be used to classify the individual (Macías et al. 2005).  
Testes contain lobules where spermatogonia develops into spermatozoa, ducts where 
spermatozoa is released, and connective tissue (de Sylva and Breder 1997).   
Research into Blackfin Tuna reproductive characteristics found that females 
around 50 cm and approximately 2.72 kg have mature gonads (Idyll and de Sylva 1963, 
Richards and Bullis 1978, Vieira et al. 2005b).  The minimum size at maturity for 
Blackfin Tuna caught around Cuba is 39 cm fork length (Doray et al. 2004).  It has also 
been noted that larger fish reached gonad maturity earlier in the spawning season 
compared to smaller and younger individuals (Idyll and de Sylva 1963); however, once a 
size of 58-66 cm was reached, there was no relationship between length of fish and 
fecundity (Richards and Bullis 1978).  
There is currently no research using histological methods to determine the time of 
the year when the Blackfin Tuna population off of Florida spawns, or if they spawn once 
per year or multiple times.  Previous methods have used gonad weight, gonadosomatic 
index, and counts of oocytes to determine the stage of maturation.  Blackfin Tuna 
spawning patters, based on visual observations of gonads, determined the spawning 
season off Miami, Florida to be from April to November with a peak in May (Idyll and de 
Sylva 1963).  Male Blackfin Tuna were found to have ripe gonads in February, and 
contain sperm until November.  It is hypothesized that the spawning season of the 
Caribbean Sea Blackfin Tuna population is between April and September, while the Gulf 
of Mexico population spawning season is between March and October (Doray et al. 
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2004).  Vieira et al. (2005b) found that the majority of Blackfin Tuna caught in Brazil 
between September 2000 and January 2001 had advanced gonadal development for males 
and females.  They also found developing females were present every month of the study 
period, with a higher percentage in September, and spent females in a high percentage in 
October.  For the males, initial maturation and mature were present at all times, with a 
higher percentage of mature in October.  The results from analyses of gonadosomatic 
relationships indicated an increase in December compared to September.  These data 
suggest that spawning off northeast Brazil occurs throughout September to January with a 
peak in December.  The comparison of these studies suggests that the different 
populations of Blackfin Tuna in the Atlantic have different spawning seasons, so it is 
important to investigate each population to understand the local dynamics.  
Little Tunny 
  In the Atlantic Ocean, Little Tunny have a range from tropical to subtropical 
latitudes and are found from the Mediterranean Sea to the Gulf of Mexico (Chur 1973, 
Johnson 1983, Santamaria et al. 2005).  They are distributed in neritic waters along the 
African coast and from Cape Cod, Massachusetts to southern Florida, as well as in the 
Gulf of Mexico, where they are seasonal migrants and abundant off northwest Florida in 
the summer (Johnson 1983, Collette 2002).  However, they are not considered to migrate 
as great a distance as the larger tuna species (Collette 2002).   
Little Tunny are found near coastal waters and frequently form size-associated 
schools with other species (Miyake 1982, Collette 2002).  Video transect data collected in 
the Gray’s Reef National Marine Sanctuary in Georgia found that Little Tunny schools 
were associated with live-bottom and pelagic habitats near the reef (Parker et al. 1994).  
They feed mainly on organisms inhabiting the upper ocean layers, including smaller 
fishes and crustaceans (Chur 1973).  Their diet has low diversity of prey organisms, with 
teleosts comprising 88.7% relative importance, cephalopods with 1.5% relative 
importance, isopods with 7.9% relative importance, and decapods with 0.1% relative 
importance (Moore 2014).   
Due to bioaccumulation, they have high levels of mercury in their tissues (Cai et 
al. 2007).  In a study on 10 pelagic fishes and the mercury content of their tissues, it was 
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observed that Little Tunny ranked in the highest range for mercury concentration along 
with Blue Marlin and carcharhinid sharks.  There was a positive relationship with level of 
mercury concentration and the size of the fish within each species, with mercury 
concentration closely linked to position in the trophic web (Cai et al. 2007).  These 
results indicate that Little Tunny may feed at a higher trophic position than Blackfin 
Tuna, or that the smaller body size of Little Tunny accumulates mercury faster in the 
tissue, and may possibly be related to the fat content of the tissue.   
 Little Tunny have a fusiform body, with the anterior dorsal spines being higher 
than the spines midway on the body.  The dorsal side has dark blue stripes in an intricate 
pattern, termed “mackereling,” above the lateral line and extending from midway behind 
the first dorsal fin to the peduncle.  The ventral side is predominantly silver white with 
the addition of several, 3 to 7, dark spots between the pectoral fin and pelvic fin.  The 
Atlantic Bonito Sarda sarda also has mackereling on the ventral side, but is lacking the 
distinct spots (Collette 2002).  However, Atlantic Bonito and Little Tunny in South 
Florida are often misidentified and thus grouped colloquially as “bonita.” 
There have been previous studies examining Little Tunny populations in the 
eastern Atlantic (Chur 1973, Santamaria et al. 2005) , but few of these studies examined 
populations in the waters surrounding Florida.  In the Mediterranean Sea, they are often 
caught as bycatch by purse seines (Santamaria et al. 2005).  They are caught throughout 
the year in Bermuda, Florida, and the Caribbean Sea.  Little Tunny are a popular light 
tackle sportfish, and are often used as bait.  The schooling behavior of Little Tunny most 
often reflects the size of fish, resulting in compact schools of juveniles offshore and 
mature schools near shore and offshore (Collette 2002).  
Populations of Little Tunny in the eastern Atlantic Ocean are sexually dimorphic, 
with males larger than females, and total average lengths between 30 cm or 89 cm 
depending on Atlantic population (Chur 1973).  No research has reported the sex ratio of 
Little Tunny.  The current angling world record Little Tunny was caught off New Jersey 
in 2006 weighing 16.32 kg (IGFA).  The Mediterranean Sea population was found to 
have a daily growth rate of 3.96 mm and spawning period from June to August 
(Santamaria et al. 2005).  Additionally, it was found that spawning period lengths vary 
between populations (Chur 1973).  Thus, it is important to determine the spawning period 
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of the Florida population to evaluate the potential effects on the stock from recreational 
fishing pressure.  If sexually mature Little Tunny are being removed from waters to be 
used as bait before spawning periods or sexual maturity, then population levels will suffer 
from the loss of reproductive potential.  
Objectives 
The goal of this research project was to classify individual fish of the of the two 
species of interest in one of five phases of gonadal maturity using histological techniques 
as defined by Brown-Peterson et al. (2011).  The five-stage scale will be the same for 
both males and females, though defining characteristics will be different for each sex: 
oocyte development will be described in females and spermatogenesis in males.  Once 
each individual is placed into a maturity phase, the results will be evaluated with current 
data to indicate if body size or time of year potentially affects the gonadal maturity phase.  
Change in reproductive phase will indicate spawning seasonality, and evaluation of 
evidence of spawning capable females with evidence of previous spawns will allow 
calculation of spawning frequency.  Using age-at-size data for the two small tuna species 
from a prior research study (Adams and Kerstetter 2014), additional inferences will be 
made regarding maturity at age, which will directly relate to ongoing stock assessments 
for these species.  These results will examine peak spawning for both species, as well as 
the size and age each species and sex reaches sexual maturity. 
Materials and Methods 
Sample Collection 
 Gonad samples of coastal pelagic fishes were obtained using both fishery-
dependent and fishery-independent collection methods.  Sampling locations were in 
coastal pelagic waters off southeastern Florida Broward, Miami-Dade, and Monroe 
counties (Fig. 1).  The fishery-dependent collections were from commercial pelagic 
fisheries in the U.S. South Atlantic Bight, Florida Straits, and Gulf of Mexico, and 
recreational fishing tournaments in South Florida and the Florida Keys from March 2010-
August 2014. At participating recreational fishing tournaments, the Kerstetter Fisheries 
Research Laboratory (hereafter, “Laboratory”) sampling crew set up a collection station 
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near the weigh-in location.  Anglers were able to bring their fish to the station to allow 
lab members to record morphometric data, and collect biological samples including 
stomach, gonad, liver, otoliths and tissue.  Locational catch data was obtained from 
tournament guidelines for distances anglers were allowed to or capable of travelling in 
the allotted time.  Anglers were invited to watch this process and understand the 
importance of scientific research affecting the fishing community.  After sampling 
collection was complete, the fish were returned to the anglers.   
These fishery-dependent methods provided a reduced cost way of obtaining large 
quantities of samples.  An added benefit of collecting samples in this manner was 
including the general public in active scientific research projects, heightening their care 
and understanding of science. 
Fishery-independent sampling occurred onboard of Nova Southeastern University 
Oceanographic Center (NSU OC) research vessels.  These sampling efforts were a 
combination of directed rod-and-reel use, and the deployment of an experimental gillnet.  
These sampling methods using the NSU OC research vessels allowed the Laboratory 
sampling crew to collect samples concurrently to recreational fishing tournaments.  
Morphometric data was recorded on data sheets and biological samples were 
obtained for a majority of samples collected.  The morphometric data measured total, 
fork, and standard lengths to the nearest one-tenth centimeter.  Total weights were 
measured if samples were whole upon processing.  Each sample was designated a unique 
identification number, and fish species were marked using the three letter species code 
based on NMFS Pelagic Observer Species codes.  Blackfin Tuna is abbreviated as BLK 
and Little Tunny is abbreviated as LTA (Service 2010).  Biological samples were taken 
for this research project, and for additional Laboratory projects.  Stomach samples were 
taken for diet and trophic analysis, liver, mucus, and blood samples were archived for 
continuing research on ecotoxins and endocrine-disruption chemicals, otoliths were used 
for hard-part age analysis, and tissue was archived for an inclusive DNA database.  
Gonad samples have been stored in the Laboratory at the NSU Oceanographic 
Center, with the individual data sheets of environmental and associated catch data for 
each specimen.  The majority of gonad samples were weighed upon removal from fish, 
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and fixed in 10% neutral buffered formalin for long term storage; however, some samples 
were stored in the -80°C freezer.  
 
Figure 1: Sampling collection area in the United States waters off Broward, Miami-
Dade, and Monroe counties.  Red stars mark specific sampling locations including 
tournament sites and general landing locations.  Dotted line indicates distance traveled 
offshore.  Scale bar 50 mi.  Image credit Google Earth. 
 
 In previous research, the gonadosomatic index (GSI) has been used to generate a 
comparable value for size of gonad to total body size.  The general formula used to 
generate a value is GSI = [Gonad Weight / Gonad-Free Body Weight] * 100 (Baglin 
1976, Goldberg and Au 1986).  GSI results provide comparable measurements to 
histological observations (West 1990).  A weight to length relationship has been 
generated for each species where data were lacking, and the generated weights were used 
to determine a GSI value.  Species-specific weight to total length formulas were found on 
!
!
!!!!
! 17!
fishbase.org from nearby populations and used to extrapolate total weights of fish from 
measured total lengths.  Measured weights and extrapolated weights were used with 
measured gonad weight to determine monthly averages for GSI for each fish species.  
Laboratory Processing 
Fixed gonadal samples were stored at room temperature until the start of the 
project.  If samples were stored in the freezer they were thawed in 10% buffered neutral 
formalin before further processing.  For histological analysis, portions of samples were 
placed in cassettes and were dehydrated in a graded series of ethanols and embedded in 
Paraplast® paraffin wax for subsequent sectioning and staining (de Sylva and Breder 
1997, Luckhurst et al. 2006).  See appendix for detailed histological protocol.  
 A preliminary study showed that placement of gonadal tissue in longitudinal or 
cross section alignments did not affect the resulting view of gametes (S. Ahrabi-Nejad, 
unpublished data).  Farley and Davis (1998) found a significant difference in fecundity 
methods using the different ovary lobes; however, our archived collection most often 
only included one lobe, so this project did not have the ability to similarly test for 
significant differences between lobes.  Each fish specimen’s piece of gonad, 
approximately 1 cm by 1 cm, was embedded in one “block” for the subsequent 
processing.  Paraffin blocks were sectioned at 4 or 5 µm using a Leica RM2235 
microtome, and the sections were mounted on glass slides.  Sections were then 
deparaffinized, stained with hematoxylin and eosin (H&E), and permanently mounted 
with Cytoseal 60.  The H&E stain works by first staining with hematoxylin, a basic dye, 
and then counterstaining with eosin.  Staining with hematoxylin yields cells with 
distinctly purplish nuclei and with chromatin inside the nuclei that are darker purple-blue 
in coloration.  Staining with eosin yields cytoplasm that is a clear pink and with different 
shades of pink in the muscle bundles and connective tissue (Peters 2001). 
Histological Analysis 
Terminology presented in Brown-Peterson et al. (2011) was used to classify both 
males and females.!!The prepared slides were analyzed by examining ovarian and 
testicular tissue for key developmental markers of maturity under a microscope.  
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Photographs were taken of demonstrative samples to identify key structures of gonadal 
maturation. The results from the histological analysis were graphed as a percent bar 
graph, demonstrating spawning seasonality.  The results were used to determine if annual 
peaks in spawning correlated with GSI analysis and with known age and growth patterns 
of each species. 
Spawning frequency, the ratio of actively spawning females to total spawning 
capable females in a spawning period, was determined by pooling all months of spawning 
capable females for all years of collection due to low numbers of collected samples.  
Actively spawning females are indicated by the presence of postovulatory follicles 
(POFs), the remaining follicle after the oocyte has been released.  The ratio is calculated 
by dividing the number of actively spawning females by the number of spawning capable 
females, including the actively spawning, to generate mean daily spawning. 
Statistical Analysis 
An analysis of variance was conducted on the GSI values to determine significant 
differences between months to determine the spawning season of Blackfin Tuna and 
Little Tunny.  Data were examined for homogeneity of variance and normality.  As data 
were found to be homoscedastic and normally distributed, with p-values >0.05, an 
analysis of variance comparing GSI values was conducted where significance was 
determined as p≤ 0.05.  The post-hoc Tukey HSD was used to determine differences 
between means.  All statistical analysis was conducted using statistical delivery software 
JMP version 11.2.0.  
Logistic regressions were performed to determine the size and age of 50% 
maturity in both species.  Maturity was assigned to samples based on the criteria that the 
sample was in one of the reproductive phases developing, spawning capable, regressing, 
or regenerating.  The developing phase is the signal that fish have reached maturity, 
because entrance into the developing phase signals the gonadotropin-dependent stage of 
oogenesis and spermatogenesis leading to gonadal development.  For females, the 
presence of corticular alveolar (CA) oocytes signals maturity, and for males, the presence 
of primary spermatocytes (Sc1) signals maturity (Brown-Peterson et al. 2011).  Age at 
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maturity was calculated by using previous otolith aging data (Adams and Kerstetter 
2014).   
 
Results 
Sample Collection 
 During collections a total of 443 usable gonad samples were collected.  In that 
time, a total of 211 Blackfin Tuna samples were collected; of these, 71 were females and 
140 were males.  A total of 232 Little Tunny samples were collected; of these 78 were 
females and 154 were males.  The sex ratio for both species favors males, with the same 
0.51:1 ratio for Little Tunny and Blackfin Tuna.  Mean total length, total weight, and 
ranges for sexes of each species are presented in Table 1.  Female Blackfin Tuna were 
caught in February, March, April, May, June, September, October, November, and 
December (Table 1).  Male Blackfin Tuna were caught in January, February, March, 
April, May, June, October, and November (Table 1).  The only months that Blackfin 
Tuna of either sex were not sampled for this project are in July and August.  This lack of 
data is not due to collection effort, as our Laboratory sampling did collect fish of other 
species in those months. 
 
Table 1: Mean and size ranges of total length (TL) and weights of male and female 
Blackfin Tuna and Little Tunny. 
 
Parameter Blackfin Tuna Little Tunny 
 Male Female Male Female 
Mean Size TL (cm) 65.3 ± 1.6 63.0 ± 2.1 68.0 ± 0.3 65.6 ± 1.1 
Range TL (cm) 39.0 – 100.0 42.6 – 91.9 26.0 – 90.0 43.2 – 86.0 
Mean Weight (kg) 7.5 ± 1.3 3.5 ± 1.0 2.9 ± 0.4 2.6 ± 0.3 
Range Weight (kg) 0.9 – 16.0 0.9 – 8.0 0.3 – 9.4 0.6 – 7.0 
Months of Capture 1, 2, 3, 4, 5, 
6, 10, 11 
2, 3, 4, 5, 6, 9, 
10, 11, 12 
3, 4, 5, 6, 7, 8, 
9, 10, 11, 12 
4, 5, 6, 7, 8, 9, 
10, 11 
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Histological Gamete Description 
Advanced maturity is indicated by greater numbers of developing oocytes, and 
spermatozoa concentration in the gonadal ducts.  As ovaries develop, the oocyte increases 
in size and is filled by yolk.  Mature oocytes are yolk filled, and it is possible that 
postovulatory follicles are also present.  In males, the gametes decrease in size and 
multiply in number as maturity advances.  Spermatogenesis progresses from 
spermatogonia, to spermatocytes, then spermatid, and finally spermatozoa.   
A recent comprehensive review by Brown-Peterson et al. (2011) detailed a 
simplified and standardized method for describing both male and female fish using the 
same phase categories: IMMATURE, DEVELOPING, SPAWNING CAPABLE, 
REGRESSING, AND REGENERATING (Table 2).  Fish that have not reached sexual 
maturity are immature, and once fish have begun gonadal development they will never be 
immature again.  The immature phase is characterized in males as having only primary 
spermatogonia (Sg1) throughout the tissue (Fig. 2A).  There is no lumen present in the 
lobules.  Males progress into the early developing subphase with the addition of 
spermatocyst formation along lobules, with Sg1, secondary spermatogonia (Sg2) and 
primary spermatocytes (Sc1) (Fig. 2B).  There can also be spermatogonial nests with 
groups of spermatogonia.  In the developing phase germinal epithelium (GE) is 
continuous with Sg2, Sc1, secondary spermatocytes (Sc2), spermatid (St), and 
spermatozoa (Sz) in cysts (Fig. 2C).  The entrance into the developing phase signals the 
gonadotropin-dependent stage f spermatogenesis leading to further gonadal development.  
This process is an indication that the individual has reached maturity, noted by the 
presence of primary spermatocytes in males.  
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Table 2: Histological criteria for determining reproductive phase for male and female 
Blackfin Tuna and Little Tunny.  Male terms: primary spermatogonia (Sg1), secondary 
spermatogonia (Sg2), primary spermatocytes (Sc1), secondary spermatocytes (Sc2), 
germinal epithelium (GE), spermatid (St), and spermatozoa (Sz).  Female terms: primary 
growth (PG) oocytes, cortical alveolar (CA) oocytes, primary vitellogenic (Vtg1) 
oocytes, secondary vitellogenic (Vtg2) oocytes, tertiary vitellogenic (Vtg3) oocytes, 
postovulatory follicle (POF), atresia (A), germinal vesicle migration (GVM), oocyte 
maturation (OM), germinal vesicle breakdown (GVBD). 
 
!
Phase Histological Features  
  Immature Only Sg1, no lumen in lobules. 
M
al
e 
Developing 
Continuous GE throughout. Spermatocysts along 
lobules. Sg2, Sc1, Sc2, St, Sz in cysts. 
 
Early subphase: Sg1, Sg2, Sc1 only 
Spawning Capable 
Sz in lumen and/or ducts. All stages of 
spermatogenesis: Sg2, Sc, St, Sz. GE continuous or 
discontinuous.  All lobules may not be 
discontinuous, but the presence of any signals the 
shift from subphase.  
 
Early GE subphase: GE continuous along all 
lobules. 
 
Mid GE subphase: GE continuous in periphery but 
discontinuous near ducts. 
 
Late GE subphase: discontinuous at both periphery 
and ducts.   
Regressing 
Residual Sz in lumen or ducts. Scattered cysts of 
Sc2, St, Sz. 
Regenerating 
Proliferation of spermatogonia. GE continuous. 
Residual Sz in lumen or ducts. 
Fe
m
al
e 
Immature 
PG only with little space between. Thin ovarian 
walls, and indistinct blood vessels. 
Developing PG, CA, Vtg1, Vtg2, some atresia. 
 
Early subphase: PG, CA only 
Spawning Capable PG, CA, Vtg1, Vtg2, Vtg3, atresia, POFs  
 
Active Spawning subphase: oocytes undergoing 
early OM, GVM, GVDB, hydration, or ovulation. 
Regressing Atresia, POFs. Some: CA, Vtg1, Vtg2 
Regenerating 
Only PG, gamma or delta atresia. Thick ovarian 
walls, and intrusion of blood vessels. 
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The spawning capable phase is characterized by Sz found in the lumen of the 
lobule or in the ducts, and all stages of spermatogenesis are present.  The spawning 
capable phase is divided into three sub-phases based on the continuity of germinal 
epithelium.  The early GE subphase has continuous GE, with cysts surrounding all 
lobules throughout the tissue (Fig. 3A,B).  The mid GE subphase has a continuous GE in 
the periphery of the tissue (Fig. 3D), but the tissue near the ducts is discontinuous with 
the lumen reaching the sides of the lobules (Fig. 3C,D). The late GE subphase has 
discontinuous GE throughout the entire tissue (Fig. 3E,F).  Many males in the late GE 
subphase show a lumen filled with Sz and no cysts present in the tissue, and this can lead 
to anastomosing lobules where the GE has broken down due to cessation of 
spermatogenesis (Fig. 3).  The regressing phase occurs after a spawning season and males 
have residual Sz that was not released during the spawning season in the lumen or in the 
ducts.  There are scattered cysts of Sc2, St, Sz in the tissue, and Sg proliferation (Fig. 
4A).  The regenerating phase is the recovering phase after a spawning season, and 
appears similar to the immature phase with proliferation of spermatogonia and continues 
GE throughout the tissue, however there may be some residual Sz in the lumen or in the 
ducts (Fig. 4B).   
 
! 23!
 
Figure 2: Photomicrograph of testicular histology, illustrating (A) male developmental 
phase immature, with Blackfin Tuna in immature phase with only primary spermatogonia 
(Sg1) present.  (B) Male Blackfin Tuna in early developing subphase with 
spermatogonial nests (SgN), secondary spermatogonia (Sg2), primary spermatocytes 
(Sc1), and secondary spermatocytes (Sc2).  (C) Male Little Tunny in developing phase 
with cysts with spermatid (St), spermatozoa (Sz) in spermatocysts, and cysts of Sg2, 
primary spermatocytes (Sc1), and Sc2.  All scale bars = 50 µm. 
A 
B 
C 
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Figure 3: Photomicrographs of testicular histology, illustrating (A) male Little Tunny in 
spawning capable early germinal epithelium (GE) subphase periphery tissue with 
spermatozoa (Sz) in the lumen and showing continuous germinal epithelium (CGE) 
around the lumen with cysts of secondary spermatogonia (Sg2), primary spermatocytes 
(Sc1), secondary spermatocytes (Sc2), and spermatid (St); scale bar = 50 µm.  (B) Male 
Little Tunny in spawning capable early GE subphase duct tissue with CGE and Sc1, Sc2, 
St, and St; scale bar = 50 µm.  (C) Male Blackfin Tuna in spawning capable mid GE 
subphase duct tissue showing discontinuous germinal epithelium (DGE) at the ducts, 
scattered cysts of Sc1, Sc2 and St, and Sz in the lumen; scale bar = 50 µm.  (D) Male 
Little Tunny in spawning capable mid GE subphase with DGE near ducts (D), CGE near 
periphery, and Sz in lumen and in the ducts; scale bar = 500 µm.  (E) Male Little Tunny 
in spawning capable late GE subphase with DGE around Sz filled lumen and 
anastomosing lobules (AL), absence of spermatocysts; scale bar = 200 µm.  (F) Male 
Blackfin Tuna in spawning capable late GE phase, with DGE and Sz filled lumen and 
ducts (D); scale bar = 500 µm. 
A B 
C 
E 
D 
F 
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Figure 4: Photomicrographs of testicular histology, illustrating male Blackfin Tuna: (A) 
regressing phase with residual spermatozoa (Sz) in the lumen and primary spermatogonia 
(Sg1) in the GE and along the periphery; scale bar = 50 µm.  (B) Regenerating phase with 
spermatogonial proliferation (Sg) on the periphery tissue, residual Sz in some lobules, 
and empty lumen (L); scale bar = 200 µm. 
 
A 
B 
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Immature females have only primary growth oocytes (PG), thin ovarian walls, 
and closely packed oocytes (Fig. 5A). The early developing subphase is characterized by 
primary growth oocytes with development of corticular aviolar (CA) oocytes, indicating 
the start of gonadal maturation (Fig. 5B). The developing phase is characterized by PG, 
CA, and primary and secondary vitellogenic oocytes (Vtg1 and Vtg2); Vtg3 oocytes are 
not present (Fig. 5C).  
The spawning capable phase is identified by the presence of tertiary vitellogenic 
oocytes (Vtg3) (Fig 6A/B).  There may be atretic oocytes and/or postovulatory follicles 
(POFs) present (Fig. 6B). The actively spawning subphase of spawning capable is the 
indication that the female is in the processes of oocyte maturation (OM) prior to releasing 
oocytes.  Steps of OM visible histologically include lipid coalescence, germinal vesicle 
migration (GVM), germinal vesicle breakdown (GVBD), and hydrated oocytes (H) (Fig. 
7A/B).  The nucleus of a primary oocyte is termed a germinal vesicle.  GVM is the 
movement of the nucleus towards the pole of the oocyte, and GVDB is the breakdown of 
the nuclear envelope.  Hydration is the rapid accumulation of fluid into advanced stage 
oocytes through the granulose cells of the follicle.  Because of the increase of fluid the 
yolk granules begin to coalesce, and no longer appear as droplets. Once a female has 
spawned an ovum the follicle layers that had surrounded the oocyte remain in the ovary, 
and are an indication that spawning has occurred, these are the POFs.  At the completion 
of the spawning season the female will enter the regressing phase, whereby she will 
resorb the unused oocytes evident by various degrees of atresia (Fig. 8A).  Atresia (A) is 
the resorbing of developed oocytes, and may be present in the developing phase, 
spawning capable phase, regressing phase, or regenerating phase.  There may be POFs, 
and some CA, Vtg1 or Vtg2 present in the regressing ovary as well.  In preparation of 
future spawning seasons the regenerating phase follows, and only PG oocytes will be 
present with some atretic oocytes, an increase in blood vessels, and macrophage 
aggregates (MA) throughout the tissue (Fig. 8B).  
Due to the lack of gametogenesis, the immature and regenerating phases can 
appear very similar.  To differentiate between these two for males and females a side-by 
comparison has been included in Figure 9.  The top two photomicrographs both depict 
males, however (9A) is an immature male as there is only primary spermatogonia, and 
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(9B) is a regenerating male as there is clear evidence of prior spawn with the distinct 
lumen and presence of residual spermatozoa.  The bottom two photomicrographs are 
females with (9C) depicting an immature female with closely bundled primary growth 
oocytes, whereas (9D) has farther spread primary growth oocytes and the inclusion of 
macrophage aggregates.  Blood vessels are more prominent in regenerating female 
ovaries due to the recent expansion of tissue from growing oocytes in the recent 
spawning period.  Additionally, regenerating females will have thicker ovarian walls 
compared to the thin walls of immature females due to the completion of at least one 
spawning season.  Macrophage aggregates can be found in other organs as well as in the 
gonads.  These aggregates are an immune response to remove unwanted material from 
the tissue, such as remaining POFs.  Since an immature fish would not have POFs in the 
tissue, the presence of macrophage aggregates is an indication of regenerating phase. 
It was observed in the histological analysis that some of the Blackfin Tuna 
samples macroscopically identified as female were actually male.  All the males that were 
incorrectly identified as female were immature males, but had distinctly round testes 
giving the appearance of ovaries.  These males were also caught around the same time in 
April 2012.  Since this was noted in a group caught at the same time from the same 
location, it is possible that this is a cohort level effect since it is not seen in other 
immature males.  The evaluation of the gonads under the microscope led to the 
reclassification of 13 individuals from Blackfin Tuna, and 13 individuals from Little 
Tunny to either male or female.  Of these reclassifications, many were immature samples 
that were originally recorded as unknown or unidentified.  Although external analysis is 
not as accurate as microscopy, most samples collected were correctly sexed. 
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Figure 5: Photomicrographs of ovarian histology, illustrating: (A) female Little Tunny in 
immature phase characterized by only primary growth (PG) oocytes; (B) female Blackfin 
Tuna in early developing subphase with PG oocytes and cortical alveolar (CA) oocytes 
indicating onset of gonadal development, macrophage aggregates (MA); (C) female Little 
Tunny in developing phase with PG and CA oocytes and the more developed primary 
vitellogenic (Vtg1) oocytes and secondary vitellogenic (Vtg2) oocytes.  All scale bars = 
200 µm.  
A 
B 
C 
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Figure 6: Photomicrographs of ovarian histology, illustrating (A) female Blackfin Tuna 
in spawning capable phase, demonstrating asynchronous oocyte development with many 
stages of development present including primary growth (PG), corticular aviolar (CA), 
secondary vitellogenic (Vtg2) and tertiary vitellogenic (Vtg3) oocytes; (B) female Little 
Tunny in spawning capable phase, with asynchronous oocyte development, primary 
growth (PG), primary vitellogenic (Vtg1), secondary vitellogenic (Vtg2), tertiary 
vitellogenic (Vtg3) atretic (A) oocytes, and postovulatory follicle (POF); scale bars = 200 
µm. 
A 
B 
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Figure 7: Photomicrographs of ovarian histology, illustrating female Little Tunny: in (A) 
spawning capable actively spawning subphase with PG primary (vitellogenic) Vtg1, 
Vtg2, Vtg3 oocytes and evidence of germinal vesicle migration (GVM); (B) actively 
spawning subphase with oocyte maturation occurring, and PG, Vtg1, Vtg2, Vtg3 oocytes, 
germinal vesicle migration (GVM), and POFs, demonstrating daily spawning with oocyte 
maturation and POFs in the same ovary; scale bars = 500 µm. 
 
B 
A 
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Figure 8: Photomicrographs of ovarian histology, illustrating (A) female Blackfin Tuna 
in regressing phase showing atresia with both atretic vitellogenic oocytes (A Vtg) and 
atretic hydrated (A H) oocytes, and also with intact cortical alveolar (CA) oocytes; scale 
bar = 200 µm.  (B) Female Little Tunny in regenerating phase after a spawning period 
with only primary growth (PG) oocytes but a thick ovarian wall (OW), delta atresia (δ A), 
blood vessels (BV), and intrusions of macrophage aggregates (MA); scale bar = 500 µm. 
A 
B 
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Figure 9: Photomicrograph of testicular and ovarian histology illustrating the differences 
between immature and regenerating gonads:  (A) male Blackfin Tuna in immature phase 
with only primary spermatogonia (Sg1) present; scale bar = 50 µm; (B) male Blackfin 
Tuna in regenerating phase with Sg1 present in tissue, but with lumen  (L) present and 
residual spermatozoa (Sz) present from previous reproductive cycle; scale bar = 200 µm. 
; (C) female Blackfin Tuna in immature phase with only primary growth oocytes (PG), 
and thin ovarian wall (OW); scale bar = 200 µm; (D) female Blackfin Tuna in 
regenerating phase with PG, but evidence of previous spawn due to presence of thick 
OW, blood vessels (BV), delta atresia (δ A), and macrophage aggregates (MA); scale bar 
= 500 µm. !
 !  
A B 
C D 
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Gonadosomatic Index (GSI)  
Males and females for both species were plotted on the same graph to allow 
comparison of values.  However, some months only had values for one of the genders so 
there can be no intraspecific comparison.  Monthly samples sizes varied, and are shown 
in Table 3. An ANOVA for GSI values found significant differences between the months 
for both species.  A comparison of means test further showed the months of significant 
differences, indicating months of increased GSI.  Highest mean GSI values for male 
Blackfin Tuna were in May and June, and GSI showed significant (p <0.0001) 
differences among months.  There were two subsets of significantly different values, one 
including the months of January, February, March, April, October, November, and 
December, and the other in January, February, May and June.  Highest mean GSI values 
for female Blackfin Tuna was in June, and GSI showed significant (p = 0.0084) 
differences among months.  There were two subsets of significantly different values, one 
including the months of February, March, April, May, August, September, October, 
November, and December, and the other including February, March, April, May, June, 
August, September, November, and December.  Male and female Blackfin Tuna have a 
similar peak in GSI values, with highest values in May or June (Fig. 10).  Male Blackfin 
Tuna GSI values peak at mean 1.06 ± 0.1 in May.  Female Blackfin Tuna GSI values 
peak at mean 1.69 ± 0.3 in June.   
Highest mean GSI values for male Little Tunny was in July, and GSI showed 
significant (p = <0.0001) differences among months.  There were two subsets of 
significant groups one including March, May, June, July, November, and December, and 
the other including March, April, May, June, August, September, October, November, 
and December.  Highest mean GSI values for female Little Tunny was in July, and GSI 
showed significant (p = 0.0125) differences among other months.  There were two 
subsets of significant groups one including April, May, June, July, August, October, and 
November, and the other including April, May, June, August, September, October, and 
November.  Male and female Little Tunny GSI values remain closely matched with 
gradual increase from April to a peak in July (Fig. 11).  Male Little Tunny GSI value 
peak is 2.6 ± 0.3 in July.  Female Little Tunny GSI peak is 2.7 ± 0.4 in July. 
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Table 3: Number of usable values for GSI containing both gonad weight (g) and total 
length (cm) to allow for length to weight conversion.  Blackfin Tuna is abbreviated as 
BLK and Little Tunny is abbreviated as LTA, using the three letter species code based on 
NMFS Pelagic Observer Species codes (Service 2010). 
 
 
 
 
 
 
 
Figure 10: Mean (± S.E.) monthly Gonadosomatic Index (GSI) of male and female 
Blackfin Tuna for all years combined.   
!
  Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
BLK male 1 1 9 14 24 12 0 0 0 27 12 0 
BLK female 0 1 2 5 9 10 0 2 2 11 3 1 
LTA male 0 0 2 15 14 24 42 23 9 7 3 2 
LTA female 0 0 0 10 9 11 18 11 9 1 1 0 
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Figure 11: Mean (± S.E.) monthly Gonadosomatic Index (GSI) of male and female Little 
Tunny for all years combined.   
Spawning Seasonality 
Female Blackfin Tuna were identified as developing in the months of April, May, 
June, September, and October (Fig. 12A).  The largest percent of developing females 
were found in September.  Both spawning capable females and actively spawning 
females were found in May and June.  Regenerating females were found in all months 
except June, with an increasing percentage immediately following the months of high 
percentages of spawning capable females, and dropping off in March.  Regressing 
females were found in April, May, and June.  Immature individuals were found in March, 
April, May, and November. 
Male Blackfin Tuna had the highest percentages of developing individuals in 
January, October, and November (Fig. 12B), although there is low sample size (n=1) in 
January.  Males were found to be spawning in February, March, April, May, June, and 
October.  In general, males progress through the three subphases of spawning capable 
through the spawning season starting with early germinal epithelium (GE), then mid GE, 
and finally late GE.  In early GE cysts continuously surround the lobules of the testis, 
indicating active spermatogenesis throughout the tissue.  In mid GE the lobules near the 
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duct are no longer continuous with cysts, with the lumen reaching the edges, but the 
lobules near the periphery of the testis are still continuous.  In late GE the lobules are all 
discontinuous throughout the testis.  Spawning capable early GE phase males were found 
in April, May, June, and October.  Spawning capable mid GE phase were found in 
February, March, April, May, and June.  Spawning capable late GE phase were found in 
April, May, June and October.  Regressing males were found in April, and October, and 
regenerating males were only observed in October.  Immature individuals were collected 
in March, April, and November. 
The histology data for Blackfin Tuna shows development increasing beginning in 
January, to the occurrence of spawning capable individuals in May and June for females, 
and February through October for males. Regressing individuals were found to overlap 
with the spawning season of May and June, and after the peak in spawning in October. 
Regenerating females were found most months, with a high occurrence after the 
spawning peak, and regenerating males were only observed in October, also after the 
spawning season.  These results corroborate the GSI data, showing a gradual increase to 
spawning peak, and decline after.  
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Figure 12: Spawning seasonality of (A) female Blackfin Tuna, and (B) male Blackfin 
Tuna.  Percent on the y-axis and months of collected samples on the x-axis.  
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Female Little Tunny were not collected from January through March and 
December.  Developing phase females were most common in April and May, and in 
smaller percentages in June, and August (Fig. 13A).  Spawning capable females were 
found in June, July, and August.  Actively spawning females were found in April, May, 
June, July, and August, suggesting a five month spawning season.  Regressing females 
were found in June, July, and August.  Regenerating females were present in all months, 
with the highest percentages in September, October, and November.  Immature 
individuals were only collected in September. 
 Male Little Tunny were observed as developing in April, May, and as a small 
percentage in July.  Spawning capable all GE phases were seen in March, April, May, 
June, July, August, September, and October (Fig. 13B).  Spawning capable early GE 
phase males were found in June, July, and August.  Spawning capable mid GE phase 
males were seen in May, June, and July.  Spawning capable late GE phase males were 
seen in March, April, May, June, July, August, September, and October.  One regressing 
male was found in December, with a small percentage also found in April, July, and 
August.  Regenerating males were found in March and October as a higher percent, and 
lower percent in June, July, and September.  Immature males were caught in June, 
September, October, and November. 
 Annually, the earliest collections for Little Tunny samples used for histological 
analysis are in March for males and in April for females.  The histology data for Little 
Tunny shows development increasing beginning in April and continuing to be present 
until August or September.  The occurrence of spawning capable individuals begins in 
April and continues through August for females, and March through October for males. 
Regressing females were found to overlap with the spawning season in June, July and 
August. Regenerating females were found most months, with a high occurrence after the 
spawning peak, and regenerating males were observed in March and October.  These 
results corroborate the GSI data, showing a gradual increase to spawning peak, and 
decline after the season. 
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Figure 13: Spawning seasonality of (A) female Little Tunny, and of (B) male Little 
Tunny.  Percent on the y-axis and months of collected samples on the x-axis. 
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Female Spawning Frequency  
Spawning frequency is the ratio of spawning capable females with evidence of 
previous spawning to all spawning capable females.  Comparison of females with 
postovulatory follicles (POFs) revealed that of the 21 Blackfin Tuna in the spawning 
capable phase 14 had ≤ 24 hour POFs, resulting in a mean spawning frequency of once 
every 1.49 days for Blackfin Tuna.  Of 28 Little Tunny in the spawning capable phase 19 
had ≤ 24 hour POFs.  This results in a mean spawning frequency of once every 1.47 days 
for Little Tunny. 
 
Size/Age at Maturity  
 The measurement of 50% maturity is the size or age where 50% of the population 
is predicted to have reached maturity.  Sample sizes for size at maturity is shown in Table 
4.  Due to the small number of collected immature female Little Tunny, the logistic 
regression for age at maturity could not be calculated.  The one immature female Little 
Tunny collected measured 34.2 cm total length, and was aged as 0.25 years, and the 
smallest mature female Little Tunny measured 45.2 cm TL and was 0.5 years.  Size at 
50% majority for male Blackfin Tuna was 435.2 mm TL, and 99% maturity was 582.0 
mm TL (Fig. 14A).  Size at 50% majority for female Blackfin Tuna was 392.3 mm TL, 
and 99% maturity was 1002.4 mm TL (Fig. 14B).  Size at 50% majority for male Little 
Tunny was 347.8 mm TL, and 99% maturity was 793.1 mm TL (Fig. 15). 
Sample sizes for age at maturity is shown in Table 4.  Due to the small number of 
collected immature female Little Tunny and female Blackfin Tuna, the logistic 
regressions for age at maturity were not calculated.  The size range of immature female 
Blackfin Tuna was 40.0 - 49.2 cm total length, and the smallest mature was 42 cm TL 
and was aged as 1 year old.  Age at 50% majority for male Blackfin Tuna was 0.66 years, 
and 99% maturity was 1.90 years (Fig. 16).  Age at 50% majority for male Little Tunny 
was 0.50 years, and 99% maturity was 1.43 years (Fig. 17).  
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Table 4: Sample size for logistic regression on age and size at maturity for Blackfin Tuna 
and Little Tunny. 
 
 
  
 Size at maturity Age at maturity 
Total sample 
numbers  
Immature sample 
numbers 
Total sample 
numbers 
Immature sample 
numbers 
Male Blackfin 
Tuna 
105 9 55 12 
Female 
Blackfin Tuna 
53 10 37 6 
Male Little 
Tunny 
138 11 88 8 
Female Little 
Tunny 
70 1 47 1 
!
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Figure 14:  Logistic regression of size at maturity of Blackfin Tuna (A) males and (B) 
females.  Estimated 50% maturity denoted by line extending to the y-axis.  Predicted 
probability of maturity on the y-axis and length in mm on the x-axis. 
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Figure 15:  Logistic regression of size at maturity of male Little Tunny.  Estimated 50% 
maturity denoted by line extending to the y-axis.  Predicted probability of maturity on the 
y-axis and length in mm on the x-axis. 
 
 
Figure 16:  Logistic regression of age at maturity of male Blackfin Tuna.  Estimated 50% 
maturity denoted by line extending to the y-axis.  Predicted probability of maturity on the 
y-axis and age in years on the x-axis. 
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Figure 17:  Logistic regression of age at maturity of male Little Tunny.  Estimated 50% 
maturity denoted by line extending to the y-axis.  Predicted probability of maturity on the 
y-axis and age in years on the x-axis. 
Discussion 
 The method of preservation of samples can greatly influence the resulting tissue 
and histological analysis (Itano 1994, Ramon and Bartoo 1997, Farley and Davis 1998, 
Murua et al. 2003).  In ideal sample collections, gonads were removed from freshly dead 
fish, weighed, stored on ice, and a section was preserved in 10% buffered formalin within 
24 h of capture.  However, that process could not always be followed, as some samples 
were collected from commercial pelagic longline trips spanning days to weeks; no lab 
member was able to come to lab on days of tournaments to process the samples into 
formalin, or they were processed without proper understanding of formalin to tissue 
ratios.  In many cases, samples were stored in the refrigerator for a few days, which has 
been shown to lead to rapid cell destruction (Itano 1994).  Samples were often frozen for 
days or to the extreme of two years, also resulting in cell expansion leading to poor tissue 
structure retention.  Finally, the length of time a fish remains outside in the heat 
influences the degradation of cell structure, increasing the difficulties of reading 
histological markers of development.  Overall, there were many samples that were poorly 
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preserved from a combination of the above-mentioned issues, but histological 
examination still resulted in a determination of reproductive phase based on 
developmental traits (Brown-Peterson et al. 2011).  Future work is prepared to test the 
effects of freezing and formalin preservation on oocyte expansion and weight change of 
Blackfin Tuna and Little Tunny.  These results will be compared to the findings of 
Ramon and Bartoo (1997), and used to evaluate the potential effects on GSI values from 
frozen gonad weights. 
Most of the samples were collected using fishery-dependent methods, which are 
not as standardized as fishery-independent (Maunder and Punt 2004).  With the reliance 
on anglers to collect samples, there was bias in where, when, and how the samples were 
collected.  The anglers were limited in their ability to travel for the tournaments, if they 
found a school they could remain in that area only targeting that species or group.  Also, 
all of the fishing for the tournaments took place in the morning, which could be 
influenced where the fish distribute during the day and when they are most active.  These 
anglers were targeting larger individuals in the population, influencing the size class that 
is targeted. The most samples for both species were obtained during the months of April 
through August and October, likely the result of the increase of summer fishing 
tournaments where the Fisheries Lab participates.  During the summer months there are 
more fishing tournaments where the Fisheries Lab collects the samples, so the increase in 
numbers may be due to our limited ability to collect large numbers of samples year round 
without depending on the fishing tournaments for sourcing the samples.  However, since 
we have not stratified the dates of the tournament samples, not all summer samples were 
obtained from tournaments, and not all anglers provided samples at the tournaments it is 
not possible to determine if the catch per unit effort for these recreational fisheries did 
increase.  The increase in catch rates may also be a biological increase in a catchable size 
class in the area.  It has been hypothesized that Blackfin Tuna move into certain areas 
during the spawning season (Doray et al. 2004).  Continued fishery-independent 
sampling targeting a wide area and time of day will help to identify the cause of greater 
catches in the summer. 
This study is the first to evaluate the maturity of Little Tunny in the Atlantic 
waters off Southeast Florida.  Previous studies have focused on the populations in the 
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Mediterranean Sea and in the Eastern Atlantic Ocean, and found that spawning seasons 
differ between populations.  Little Tunny off Cap Blanc, Africa spawn from June through 
July, off Senegal the spawning season is longer from January through May, and spawning 
season off Monrovia is earlier from February through March (Chur 1973, Santamaria et 
al. 2005).  The latitudes of these populations are different, resulting in different 
temperatures and climate patterns.  Monrovia is the furthest south of the other African 
populations, resulting in warmer weather occurring earlier allowing for an earlier 
spawning season.  These differences highlight the importance of conducting spawning 
studies specific for locations and populations. 
The results from the GSI analyses show a peak in the summer months for both 
species, suggesting spawning occurs during 2-5 months in south Florida.  ANOVA tests 
indicated a significant difference across months.  There is only one spawning period for 
both species based on GSI: Blackfin Tuna peak in May and June, while Little Tunny peak 
in June and July.  The spawning season between these two species is staggered by one 
month; possibly to reduce competition for spawning grounds, avoid resource competition 
among larvae, or to reduce interspecific fertilization.   Previous research utilizing otoliths 
observed two distinct bands indicating the possibility of two spawning periods (Adams 
and Kerstetter 2014).  However, the results from this study do not support that 
hypothesis. 
Blackfin Tuna males reach GSI peak before the females, but for Little Tunny both 
males and females peak in the same month.  Since GSI is a metric determined from 
gonad weight, which increases due to gamete production, spawning would continue after 
the peak GSI is reached as the fish continues to spawn gametes.  It can be inferred that 
spawning season will extend one or two months after the GSI peak, indicating that 
Blackfin Tuna spawn into July and possibly August, and Little Tunny spawn into August 
and possible September.  Histological observation of female Little Tunny identified 
actively spawning females in July, corroborating the hypothesized extended spawning 
based on GSI.  Due to the lack of histological samples from July and August for Blackfin 
Tuna, it cannot be confirmed that spawning continues into July and August, but it is 
likely.  GSI values were obtained for September from data sheets for male and female 
Blackfin Tuna, with a lower value indicating an end of spawning, but the preserved 
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female samples were not retained for histological analysis.  The peak of spawning season 
for both species is the highest two months.  In Blackfin Tuna male GSI peaks first, 
followed by female GSI peak.  For Little Tunny both males and females peak in the same 
month.  Work with Skipjack Tuna in the Indian Ocean found that females peak in GSI 
before the males (Stéquert et al. 2001).  Skipjack Tuna does not follow the pattern found 
in this project, with male Blackfin Tuna peaking first.  This may be due to location or 
population differences, or because they are different species.  Since the trend differed 
between Blackfin Tuna and Little Tunny in this project and previous research with 
Skipjack Tuna, future work should compare the findings to other small tunas in this 
locale to determine if it is a commonality between species or locations.  
Developing individuals of both species were found throughout the spawning 
season.  Finding developing individuals while also finding spawning capable individuals 
indicates indeterminate fecundity (Hunter et al. 1992a).  With female Blackfin Tuna (Fig. 
12), the developing individuals do not appear before the spawning season but do appear 
throughout the spawning season.  This further supports the supposition of indeterminate 
fecundity and the ability of Blackfin Tuna to continually develop oocytes throughout the 
spawning period, but it does not illuminate the time when the first spawning individuals 
are developing their oocytes.  This may be due to a lack of collecting the developing 
females, or to reader error in identifying those developing individuals; additionally small 
sample size may have led to this result.  Regenerating individuals are found in high 
percentages before and after the spawning period, so if individuals move quickly from 
regenerating to developing to spawning it is possible to have missed the developing phase 
in our collections.  The percentages of regressing and regenerating Blackfin Tuna and 
Little Tunny increase when spawning capable percentages decrease.  This continues to 
support the understanding that after a spawning season individuals take back the energy 
input into oocytes or sperm, by regressing and move into the regenerating phase to 
prepare their gonads for the next spawning season. 
 Spawning period is more accurately determined through investigation of female 
gonadal development.  The males are in some phase of spawning capable throughout the 
year.  The breakdown of male spawning capable phase into early, mid, and late GE phase 
aid in the pinpointing of a spawning season, but they do remain capable of spawning 
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most months of the year.  This allows the analysis of when, in relation to the peak of 
spawning, in the spawning season the male sample was collected.  The collection of early 
GE subphase males indicates that the season is only just beginning, as active 
spermatogenesis is occurring.  If the numbers of late GE subphase males increases, it can 
be inferred that the spawning peak is approaching or currently ongoing.  The comparison 
of subphases provides an opportunity to further understand the process of spawning.  
Additionally, it was found that a high abundance of residual sperm was stored in the 
ducts by most mature males of both species even into the developing phase, which is an 
unusual characteristic of fishes. Residual sperm is an expected characteristic in the 
regressing and regenerating phase, as seen in School Mackerel (Begg 1998), Skipjack 
Tuna (Ashida et al. 2010),  and Pacific Bluefin Tuna (Ashida et al. 2014), among other 
species.  However, males keeping the sperm in the lobules or ducts until moving into the 
next developing phase the following spawning season has not been previously noted.  
Males holding residual sperm would be capable of spawning at any time, as long as the 
spermatozoa does not degenerate.  Since the energetic cost of producing and holding the 
sperm is low, the benefit of remaining spawning capable into the next spawning season 
would provide advantage for successful mating and passing on of genes.  
Histological examination of both Blackfin Tuna and Little Tunny females showed 
evidence of postovulatory follicles (POFs) in spawning capable actively spawning 
females.  In other warm water tunas, POFs are resorbed within 24 hours (Farley and 
Davis 1998), so it is likely that Blackfin Tuna and Little Tunny would also resorb these 
POFs within a day.  This indicates daily spawning of females during the spawning 
season. 
The histological examination of the gonads strengthens the assessments made 
from the GSI analysis.  The histological examination of female Blackfin Tuna and female 
Little Tunny confirm the spawning season from the GSI data.  However, from the 
histological examination of male Blackfin Tuna and male Little Tunny the spawning 
season appears much longer compared to the GSI.  GSI values for the males highlight the 
peak in spawning, whereas the histological analysis shows an extended season of 
development leading to spawning peak. 
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 To evaluate if body size or time of year affects reproductive phase, samples that 
did not follow the general progression of reproductive phase were further examined.  
There was one female Little Tunny found in early developing subphase in August, the 
peak of the spawning season.  This female was on the smaller scale of fish caught, with a 
total length of 45.2 cm.  However, the male Little Tunny sample that was developing in 
July was 74.3 cm total length, which is on the larger side of male samples collected.  
There was one male sample of Blackfin Tuna in developing phase caught each month in 
April, May and June, with fork lengths 83 cm, 86 cm, and 76 cm respectively. These fish 
are on the larger side of collected samples.  For developing phase female Blackfin Tuna 
there were two samples caught in April, with fork lengths 58 cm and 52 cm, one sample 
in May with fork length 75 cm, and two samples in June with 43 cm, and 46 cm fork 
length.  With this small set of samples, it seems that the small females of both species are 
the samples developing during the peak of spawning, but the male data does not show 
comparison.  These results point to a similarity to other literature, where smaller females 
have a delayed start to their reproductive season (Lowerre-Barbieri et al. 2011).  Smaller 
females are younger and may be just entering maturity or recently matured at the start of 
the spawning season, so their timing may be delayed due to their recent maturation.  
Increasing sample size of small females during the reproductive season will increase our 
understanding of what is driving the delay. 
Spawning frequency studies of the larger tuna species and Skipjack Tuna have 
been measured in the Pacific and Indian Oceans (Table 5).  Comparing the results from 
the studies (Table 5) reveals that during the peak of a spawning period female tuna 
inhabiting tropical waters will spawn almost daily.  In Yellowfin Tuna of the Pacific 
Ocean, there were significant differences of spawning frequency between school type, 
gear and set type used (Itano 2000).  School types were associated, meaning close to a 
structure, or unassociated in open waters.  Unassociated schools caught with purse seine 
had highest percentage of spawning frequency, 68% of mature females had evidence of a 
recent spawn (Itano 2000).  The findings that Yellowfin Tuna are more likely to spawn in 
open waters indicate that these fish move to certain areas to spawn.  The spawning 
frequencies measured in this project fall within line of previously measured tuna 
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spawning frequencies.  Comparisons of the data show a trend, that in general tunas have 
very high spawning frequencies. 
 
Table 5: Published spawning frequency data of tuna species. 
 
Species 
Common 
Name 
Scientific 
Name Location 
Spawning 
Frequency 
(days) Reference 
Bluefin 
Tuna 
Thunnus 
maccoyi 
Indian and 
Southern Oceans 1.1 
(Farley and 
Davis 1998) 
Yellowfin 
Tuna 
Thunnus 
albacares 
Coral Sea, South 
Pacific Ocean 1.54 
(McPherson 
1991) 
Yellowfin 
Tuna 
Thunnus 
albacares 
Western Central 
Atlantic 3.18 
(Arocha et al. 
2001) 
Yellowfin 
Tuna 
Thunnus 
albacares 
Clipperton, Pacific 
Ocean 1.27 (Schaefer 1996) 
Yellowfin 
Tuna 
Thunnus 
albacares Gulf of Mexico 1.16 
(Brown-Peterson 
et al. 2014) 
Bigeye Tuna 
Thunnus 
obesus Pacific Ocean 1.1 
(Nikaido et al. 
1991) 
Skipjack 
Tuna 
Katsuwonus 
pelamis 
South Pacific 
Ocean 1.18 
(Hunter et al. 
1986) 
Blackfin 
Tuna 
Thunnus 
atlanticus Southeast Florida 1.49 This study 
Little Tunny 
Euthynnus 
alletteratus Southeast Florida 1.47 This study 
 
Catch rates of Little Tunny and Blackfin Tuna are highest from April through 
October (Table 3).  Seeing as peak catch rates correlate with the peak in spawning 
season, it is possible that these fish move into more near-shore waters during the 
spawning season, making them more likely to be caught.  Both Little Tunny and Blackfin 
Tuna migrate seasonally (Johnson 1983, Vieira et al. 2005b), with previous research 
hypothesizing that reproductive cycles drive Blackfin Tuna migration.  Research into fish 
surrounding fish aggregating devices (FADs) found that mature fish move into the area 
during spawning season, but leave to fulfill other biological needs once the spawning 
season is complete (Ménard et al. 2000, Taquet et al. 2000).  Similarly, the mature large 
fish may move inshore into waters with more anglers and be the target catch.  The 
summer spawning season of Blackfin Tuna corresponds with the spawning of Blackfin 
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Tuna from September to January off the coast of Brazil (Vieira et al. 2005a, Vieira et al. 
2005b).  Brazil is in the southern hemisphere, so September to January are the spring-
summer months in that local.  In both this research and past research it has been found 
that Blackfin Tuna enter the spawning season in the spring and continue until the summer 
months.  Both species are spawning in Florida waters during the summer months, and the 
impact of anglers catching mature fish should be examined in future work. 
 The skew in the sex ratios found in this research corroborates results from 
previous research for Blackfin Tuna (Idyll and de Sylva 1963, Richards and Bullis 1978, 
Taquet et al. 2000, Vieira et al. 2005a), and highlights the same ratio for Little Tunny.  It 
is interesting that males would be in dominance since it is more energetically costly for 
females to produce eggs, and since females are only spawning capable two months out of 
the year.  If females are more limited in reproduction, having more spawning capable 
females to males in a population would result in an increase in population size.  Whereas, 
having more males in a population only increases the chances of successful fertilization, 
not necessarily an increase in population size.  The higher abundance of males is also 
possibly an artifact of the fishery-dependent data collection.  Anglers are targeting larger 
individuals, and also the more aggressive fish that provide more sport for the capture.  
Males are larger than females, and may display more aggressive behavior allowing for 
their easier capture.  Additionally, Blackfin Tuna and Little Tunny form schools based on 
size (Collette and Nauen 1983), which may lead to gendered schools.  If anglers are 
targeting a school of large sized fish, those fish may all be the same gender leading to an 
increase in catch for that specific gender.  The fishery-independent sampling efforts also 
collected more males than females.  Though the fishery-independent sampling provided 
only a small portion of samples for this present study, and future projects should increase 
fishing effort.  Future fishery-independent research should work to discover if this long-
observed trend is biologically driven or selected for in the method of capture. 
 The trend of more males in a population may not be a common trend of small 
tunas.  Comparison of two collection sites of the Brazilian population of Skipjack Tuna 
found a 1:1 ratio of males to females (Goldberg and Au 1986).  The Skipjack Tuna were 
caught using live-bait, in a similar way to the collections from the present study.  The 
higher abundance of males observed in this study does not results from regional 
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differences, as investigation of the Brazilian population of Blackfin Tuna by Vieira et al. 
(2005a) also found the predominance of males in the population as seen with the 
population off South Florida.  In another study on Skipjack Tuna samples collected off 
Cape Hatteras, North Carolina were found to be in a 1:1 ratio, but samples caught in 
nearby Oregon Inlet, North Carolina were skewed with a predominance of females (Batts 
1972).  The author hypothesizes that the difference may be due to changes in female 
feeding behavior during spawning season, since both locations are in close proximity.  
Other factors influencing the sex ratio may be gear selectivity, sampling bias, or a true 
biological difference.  The results from this research indicate that females are possibly 
more common in Skipjack Tuna populations, whereas in the present study more males 
characterize Blackfin Tuna and Little Tunny populations.  Future work should continue 
to examine this trend to determine if it is biologically driven or an artifact of gear 
selectivity. 
Due to the low number of collected immature females, logistic regression 
comparing age at maturity for female Blackfin Tuna and Little Tunny, and the logistic 
regression for size at maturity for female Little Tunny, were unable to be examined.  The 
data predict that male Little Tunny mature at a younger age and a smaller size than male 
Blackfin Tuna.  Also, female Blackfin Tuna mature at a smaller size than male Blackfin 
Tuna.  Age data of collected samples found Blackfin Tuna up to 7.5 years old, and Little 
Tunny to 5 years of age (Adams and Kerstetter 2014).  Additionally, Blackfin Tuna can 
grow to a larger size and weigh more than Little Tunny (IGFA).  This implies that 
Blackfin Tuna has a longer lifespan, but that Little Tunny matures earlier in life. 
Additionally female Blackfin Tuna reach maturity sooner than the males, 
allowing them to mate for more years, when considering they have equal lifespans 
(Adams and Kerstetter 2014).  Female Blackfin Tuna maturing earlier than males may 
help to alleviate some of the biotic pressure to mate during spawning times, when there is 
a higher abundance of males in the population.  Females are part of the reproducing stock 
for more spawning seasons than males, allowing for additional genetic input.  Since the 
sex ratio of more males than females has been observed for the long time period of time 
as the research shows, it indicates that whatever the cause the trend is holding consistent.  
As hypothesized by Schaefer et al. (1963), a higher percentage of males in a fish 
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population might be due to differential mortality rates, including some reason for males 
to exhibit behavior leading them to be more likely to be caught.  It is possible that this 
difference is driven predominantly by gear selectivity since all of the studies finding the 
ratio are using hook-and-line tackle to catch the fish.  To determine if that is the cause, 
different fish capture techniques need to be evaluated in future studies.  These techniques 
could include larger nets, different net types, different times of deployment, and targeting 
throughout the day or night. 
Reproductive studies are largely conducted on the large commercially important 
tuna species only after fisheries are exploiting the populations.  Gear conflict issues in the 
Pacific Ocean lead to inshore pelagic longline area closures, with the unintended benefit 
of reducing fishing pressure on the spawning area of Yellowfin Tuna (Itano 2000).  
Changes to the availability of certain fishing areas were implemented to help fisheries, 
and the biological assistance to Yellowfin Tuna was a secondary response.  To allow for 
sustainable fisheries into the future, the biological aspect of reproduction has to be the 
forefront of research so that regulations can be modified based on spawning areas, site 
fidelity, and age/size at maturity.  With recreational species including Blackfin Tuna and 
Little Tunny, science has the opportunity to collect the data important to managing these 
species before they have been heavily exploited.  As demonstrated by the King Mackerel 
fishery, new regulations can help a depleted fish stock to recover (Shepard et al. 2010, 
NOAA 2013), but there should be a desire to avoid the exploitation of a stock and 
implement proper regulations before any species has been overfished.  Recreational 
fishing pressure on Blackfin Tuna and Little Tunny has been increasing , so the results 
from this current study can be applied to management to avoid overfishing.  As seen with 
the King Mackerel (Ortiz et al. 2004), implementation of a bag limit helped the 
population to recover.  Since Blackfin Tuna and Little Tunny are spawning in the 
summer months, and our collections were highest in the summer months, reducing catch 
limits in that time would prevent the removal of mature fish from the spawning stock.    
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Conclusion 
The objective of this study was to classify Blackfin Tuna and Little Tunny into 
one of five classes of gonadal maturity.  This was done by comparing the testes and the 
ovaries of the fish, and looking for concentration and development stage of 
spermatogonia and oocytes.  As testes development increased more sperm was produced 
and moved into the ducts of the testes. As ovary development increased the oocytes grew 
larger in size, and yolk filled in the area around the nucleus.  
Blackfin Tuna spawning peaks in May and June, and a Little Tunny spawning 
peak in July.  The peak of spawning season for Blackfin Tuna spans two months, and for 
Little Tunny the peak occurs in one month.  In Blackfin Tuna male GSI peak occurs first, 
followed by female GSI peak, and in Little Tunny GSI peaks for both sexes in the same 
month.  Histological examination shows that Blackfin Tuna females are spawning 
capable for two months of the year in May and June, and Little Tunny females are 
spawning capable five months of the year from April to August.  Spawning capable phase 
male Blackfin Tuna are present from February through October and Little Tunny are 
present from March through October.  The sex ratio for both species favors males, with 
the same 0.51:1 ratio.  This ratio supports similar findings from previous Blackfin Tuna 
studies (Idyll and de Sylva 1963), and provides new data for Little Tunny populations.   
Examination of ovarian tissue provides evidence of asynchronous oocyte 
development and indeterminate fecundity.  There are multiple stages of oocytes present at 
once in the spawning capable females, with primary growth oocytes and vitellogenic 
oocytes together.  Comparison of females with postovulatory follicles (POFs) showed 
that of the 28 Little Tunny in the spawning capable phase, 19 had < 24 hour POFs, and of 
the 21 Blackfin Tuna in the spawning capable phase, 14 had < 24 hour POFs.  This 
results in an average spawning frequency of once every 1.47 days for Little Tunny and 
once every 1.49 days for Blackfin Tuna.  Both Little Tunny and Blackfin Tuna are batch 
spawners, releasing a batch of fully matured oocytes and then developing another for 
continued spawning. 
Age at maturity was determined by running a logistic regression with data from 
present study on maturity and age data from a previous study counting otolith bands 
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(Adams and Kerstetter 2014).  Size at maturity was determined by using total length 
measurements.  These results indicate that Little Tunny mature at a younger age than 
Blackfin Tuna, with 50% maturity in the population predicted by 0.5 years and 347.77 
mm TL for male Little Tunny, and by 0.66 years and 435.3 mm TL for male Blackfin 
Tuna.  Also female Blackfin Tuna mature at a smaller size than male Blackfin Tuna, with 
50% maturity for females predicted at 392.3 mm TL. Small sample size of immature 
females influenced these results, so future work would increase the power. 
The results from this study provide much needed data on the reproductive cycles 
of Blackfin Tuna and Little Tunny.  The patterns of spawning seasonality found in this 
research are valuable for managing the populations of these fishes in South Florida 
waters.  Understanding spawning periods will allow anglers to catch fish in a sustainable 
way to allow recreational activities and maintain a healthy level of spawning individuals 
in the populations. 
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Appendix A: Histological Procedure 
To prepare for histological processing, sections were removed from the formalin 
preserved gonad samples, transferred into cassettes, and placed into 75% ethanol for at 
least 48 hours.  Histological samples were then processed in a Tissue-Tek© II tissue 
processor.  The processor moved the cassettes through a graded series of ethanols, 
starting with two changes of 80% ethanol, two changes of 95% ethanol, three changes of 
100% ethanol, three changes of xylene, and two changes of paraffin wax.  The cassette 
basket remained in each solution for 30 minutes, with an approximate total run time of 6 
hours.  Once samples were processed they were embedded using a Tissue-Tek© TEC  
embedding station and sectioned on a Leica RM2235 microtome.  Blackfin Tuna were 
sectioned at 5µm and Little Tunny were sectioned at 4 µm.  It was found that the thinner 
sections were easier to transfer onto slides, and appeared more defined under the 
microscope.  Samples were floated in a water-bath with 20 ml Richard-Allan Scientific 
Tissue Section Adhesive Solution added to 2000 ml deionized (DI) water.  Slides were 
placed in an oven set at 56°C for a minimum of a week.  After drying in the oven slides 
were stained following H&E staining protocol. 
 
H & E Staining Protocol 
Deparaffinize: 
1) Three changes of xylene for three minutes each 
2) Three changes of 100% ethanol for three minutes each 
Hydrate: 
3) 95% ethanol for two minutes 
4) 80% ethanol for two minutes 
5) DI water for two minutes, or up to one hour 
Stain: 
6) Harris hematoxylin – forty-five seconds for Little Tunny and one minute for Blackfin 
Tuna 
Wash: 
7) Excess stain washed in tap water for two minutes 
De-stain: 
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8) 1% acid alcohol two dips lasting one second each 
Wash: 
9) DI water several dips – water was changed frequently 
Mordant: 
10) 0.25% ammonium hydroxide for more than a minute.  During this step blue nuclei 
coloration was checked under the microscope.  
Wash: 
11) DI water one minute or up to one hour 
Dehydrate: 
12) 75% ethanol for two minutes 
Stain: 
12) Eosin for twenty seconds 
De-stain: 
14) 95% ethanol for two minutes.  During this step differentiation of acidophilic 
components was checked under the microscope. 
Dehydrate: 
15) Three changes of 100% ethanol for three minutes each 
Clear: 
16) Three changes of xylene for three minutes each 
17) Coverslip all slides using Cytoseal 60 and let air-dry overnight 
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